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A ncw Iiquid-feed type direct methanol fuel cell using proton-
cxcharrgc membrane electrolyte was dcvclopcd at JP1, under an
AWA-sponsored program[ 1,2]. This fllcl cell operates on aqueous
solutions of mcthrinol and delivers 0.540 V at 0.1 A cm-2 and
0.500V  at 0.28 A cm-2 at 95 oC. in this design an aqueous
solution of methanol (O. 5- 2,0M) is circulated past the platinum
alloy anode of a polymer electrolyte membrane assembly. Oxygen is
supplied to the platinum cathode at pressures of 20-50 psig. The
important desirable fkatures of this liquid-feed design are: 1. Being
ficc of liquid acid clcctrolytc (unlike the many earlier liquid-feed
versions) the cell can be scaled into a stack with no parasitic shunt
curlcnts. 2. The water content of the proton-exchrrngc membrane
is maintained by the aqueous methanol solution 3. Separation of
the gaseous carbon dioxide from the liquid reactants (unlike in gas-
fc.cd Cdk.),

Since mctharrol can dissolve readily in water and permeates through
the proton-exchange membrane, some fi action of the fuel solution
crosses over to the cathode side. Thk is not a problcrn special to
the liquid feed design and would bc encountered with the gas-feed
design and fuels other than methanol so long as they arc soluble to a
finhc extcn( in water. In the present study wc measure the rate of
crossover and understand the consequences of this phenomenon.

Since the potential ofthc  cathode is 0.9 V positive to the standard
reduction potential of the Cl 130}UC02  reaction, the oxidation of
methanol occurs to carbon dioxide, Gas chromatographic  analysis
of the vented oxygen on the cathode side shows large amounts of
ca[bon dioxide and trace amounts ofrncthanol; the amount of
methanol being Icss than O. 1°/0 of the amount of carbon dioxide.
This observation is indcpcndcnt of whether the fuel cell is on open
circuit or on load. These findings show that all the methanol
rcacbjng tile cathode by crossover is completely eonvcrtcd to
carbon dioxide and the conversion results in a zero methanol
concentration at the crrthodc /clcctrolytc interface. Under stcady-
state conditions, the rate of rncthanol  crossover bccomcs then
Iincarly  dependent on the concentration of the fuel and is dctcrmirwd
by the ditl’usion eocfticicnt and sohrbility ofthc fuel in the proton
cxchrmgc mcrnbrane.

lj-_ject of crossover on thcpcrfortumce  of direct tnefhrrnolfuel
cells:
The performance of the liquid feed direct methanol fuel cell at
various methanol concentrations is shown in Fig, 1 I’hc ktnctics of
methanol oxidation at the Pt&r anode is found to improve
signiticrurtly  with increased eoncentration( Fig, 2) and current
densities as high as 0.4 A cm-2 can bc sustained at 4 M mcthano]
eonccntratiom I Iowever, it is found that as the concentration of
methanol incrcascs the amount of methanol crossing over to the
oxygen electrode increases, The mixed potent ial of the oxygen
electrode ( determined by methanol oxidation and oxygen reduction
reactions)is then found to decrease” as the elcctrochcrnical rates of
rncthanol oxidation at the cat}lodc increase. Thcrcforc, Iowcring  of
the crossover rates will permit the operation of the cells at a higher
voltage and current density.

hfrrrsurcmcnt  of crossoscr rates:
l’hc steady-state crossover ra{c for various concentrations of
rncthanol was measured by estimating the carbon dioxide evolution
rate O!I thp qathodc side, The carb,pn  dioxide evolved at the cathode
and transport&1 in the oxygen stream was absorbed in a solution
of barium hydroxide. The cxccss barium hydroxide is t}mn back
titrated with strong acid, I“he reproducibility of crossover rates
measured by this method is in the range of 3-4°/0. B’igurc 3 shows
the dcpcndcnce of crossover rate on eorrccntration and the gr adicnt
of this curve is parameter charactcrisitic of the membrane elcctrodc
assembly. I’hc increase of temperature results in an incr cased
crossover rritc as shown in Fig.3.

In a fuel cell operating in the multipass mode where the solution is
re-circulated several times past the anode until it is dcplctcd of
methanol, the crossover rate continuously decreases with time,
Under constant cunent  conditions the variation of crossover ratr
with time is iven by,

FI{= (nlikC + i ) exp(-kpt) - i
whore 1{ is the crossover rate expressed in A cnr2  , i is the
constant curlcnt density, k is a parameter characteristic ofttm
crossover properties of the membrane e]ectrodc assembly and the
fuel and has the units of S-l cm, C* is concentration at I- O, and
P = frr~ of el~trodctivohrnle of solution.The variation of
concmtration with time in such an experiment can bc used to
measure the crossover parameter using the following relation
k = (1/C*) {ihilr - (1/p)(dC/df)~~  )
The value of k dctcrmincd from carbon dioxide mcasurcmcnts arc
in good agreement with that determined by the eorrccntration-time
rncthod.

kffccf  of crossover on utilization:
I’hc utilization of fbcl under constant curl cnt and constan(
concentration conditions with crossover would bc given by ,
U- i /(i + nl/kC*) [1]
I’hc utilization dccre.ascs as tllc concentration is illcrcascd arid
incrcascs with curl ent density, I Iowcvcr, in a constant curl en~
mode ofopcr-ation where tl)c concentration ofrncthanol is allowed
to dcplctc uniil no more. ofthc  sohltion can bc utiliz.cd, (IIC
utilization would bc given by,
U = (i/nI’kC*  ) In {( t]likC* i i)/(]lIrkClin, + i)} [2]
where ClirIl is the Iilniting concentration permissible for sustaining
the curlcnt density i “J’hc utilization calculated from lLq. [2] as a
function of initial concentration C* at various vahrcs of i and (;]irll
and crossover parameter k = 0,0001165 s-l cm( derived fi om
cxpcrirncnt), arc shown in l~ig 4, The utilizzrtion is expcctcd to
increase with increasing initial concentration especially for current
densities greater than O.OSA cnr2 ,and reaches a maximum which is
difYcrcnt for each concentration. Iixperimcntal results on utilization
studies will bc prcscntcd,
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Fig. 1: I;ffcct of methanol concentration on fuel ecll performance;
anode PI-I<u/ cathode IV
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Fig.3: I)cpcildcncc of ct ossovcr rate on nlcthanol conczntratiorl and
tcrn~)crature  in Iiquid-feed fuel cell
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}’ig.4: hedictcd dcpcndcnee  ofutilization(liq.  [2])  on initial

concentration of methanol in mull ipass cmmmtration  -

l’ig.2:  Steady-state galvanostatic  polarb.ation curves for elcctro- dcpleting type operation, I“he value of crossover partmmtcr
oxidation of methanol in 0.5M sulfuric acid at l’t-l{u was experimentally detern~incd(0,00011 65 s-1 cm). I’hc value
(Snsgjcm?) at various methanol concentrations and 250 C of i and Clinl for t}le curves arc as follows: 1:0,05 Acnr2

and O. lM; 2:0. lAcnl-2 and 0,3M; 3:0. 15 Acn1-2 and 0.4M,
4: 0.2 Acnr2 and 0.5M


